Abstract Several studies have demonstrated a correlation between the acetabular cup position and the risk of dislocation, wear and range of motion after total hip arthroplasty. The present study was designed to evaluate the accuracy of the surgeon's estimated position of the cup after freehand placement in total hip replacement. Peroperative estimated abduction and anteversion of 200 acetabular components (placed by three orthopaedic surgeons and nine residents) were compared with measured outcomes (according to Pradhan) on postoperative radiographs. Cups were placed in 49.7° (SD 6.7) of abduction and 16.0° (SD 8.1) of anteversion. Estimation of placement was 46.3° (SD 4.3) of abduction and 14.6° (SD 5.9) of anteversion. Of more interest is the fact that for the orthopaedic surgeons the mean inaccuracy of estimation was 4.1° (SD 3.9) for abduction and 5.2° (SD 4.5) for anteversion and for their residents this was respectively, 6.3° (SD 4.6) and 5.7° (SD 5.0). SigniWcant diVerences were found between orthopaedic surgeons and residents for inaccuracy of estimation for abduction, not for anteversion. Body mass index, sex, (un)cemented Wxation and surgical approach (anterolateral or posterolateral) were not signiWcant factors. Based upon the inaccuracy of estimation, the group's chance on future cup placement within Lewinnek's safe zone (5-25° anteversion and 30-50° abduction) is 82.7 and 85.2% for anteversion and abduction separately. When both parameters are combined, the chance of accurate placement is only 70.5%. The chance of placement of the acetabular component within 5° of an intended position, for both abduction and anteversion is 21.5% this percentage decreases to just 2.9% when the tolerated error is 1°. There is a tendency to underestimate both abduction and anteversion. Orthopaedic surgeons are superior to their residents in estimating abduction of the acetabular component. The results of this study indicate that freehand placement of the acetabular component is not a reliable method.
Introduction
Acetabular cup position after total hip arthroplasty is correlated with the risk of dislocation, wear and range of motion [1] [2] [3] [4] [5] [6] . Lewinnek et al. [7] described a safe range (5-25° anteversion and 30-50° abduction) to position the cup. Within this range the dislocation rate was 1.5% and outside this range 6.1%. Although the position of the cup is important for the prognosis and function of the hip, most surgeons place the cup without any speciWc guidance devices. During surgery the surgeon estimates the position of the acetabular component and decides if it meets the desired orientation before securing it.
In this study the accuracy of the surgeons peroperative estimation of the position of the cup is evaluated.
No beneWts or funds were received in support of this study. 
Materials and methods
All patients undergoing primary total hip arthroplasty were enrolled in the study. Patient characteristics as name, sex, age, operated side and the body mass index were recorded. All cooperating surgeons (three orthopaedic surgeons and nine residents) received a list on which the following data concerning the operation were recorded: Wxation (cemented or uncemented), cup model, surgical approach, complications and the peroperative estimated anteversion and abduction of the acetabular component.
Two days after the operation two standardised Xrays were made. One anteroposterior X-ray was taken with the beam centered over the hip, the second was a plain AP radiograph centred on the symphisis, showing both hips. Radiographic cup anteversion was measured on the Wrst radiograph, according to Pradhan [8] , and cup abduction was assessed on the second by measuring the angle between the teardrop line and the line bisecting the opening of the acetabular cup. The combination of both radiographs was used to determine if a cup was in the ante-or retroverted position, as described by Flabeck et al. [9] .
For both anteversion and abduction, the inaccuracy of estimation was determined by calculating the diVerence between peroperative estimation and postoperative X-ray measurements. Mean values and standard deviations were calculated for measured cup position, estimated cup position and inaccuracy of estimation. A comparison of these values was assessed between orthopaedic surgeons and residents, using student's t test (P < 0.05 assumed as signiWcant) and a multivariate linear regression analysis was applied on the data in order to investigate which factors inXuenced the inaccuracy of estimation. bduction. Positioning of the cup diVered signiWcantly when a posterolateral approach was applied: 17.7°a nteversion and 50.7° abduction (both P < 0.001).
Results

Two
Comparing both anterolateral and posterolateral approaches, no signiWcant diVerences were found for inaccuracy of estimation for either anteversion (4.9° vs. 5.5°, respectively) or abduction (5.3° vs. 6.1°). Table 1 shows relevant data of estimations and the measurements of the acetabular component by both orthopaedic surgeons and residents. None of the cups was placed in retroversion.
From the data from which Fig. 1 was constructed, it was derived that 129 cups (64.5%) were placed within 5° of the estimated abduction, for anteversion this was the case in 122 cups (61%). There is a tendency to underestimate both abduction and anteversion. Table 2 demonstrates the results of the chance for cup placement according to Lewinnek (5-25° anteversion and 30-50° abduction), based upon inaccuracy of estimation for the orthopaedic surgeons, their residents and the group in total. Virtual intended cup placement was set at 15° anteversion and 40° abduction. Only 56.5% of the cups were placed in this safe zone according to their measured abduction and anteversion. Table 3 shows the percentage for the group and orthopaedic surgeons and residents separately, for cup placement within diVerent ranges (20, 10, 5, 2.5 and 1°) of an intended cup position X.
A multivariate regression analysis was applied in order to identify any factors that might be responsible for the inaccuracy of the estimation. A signiWcant result was found for abduction and anteversion, concerning age of the patient and if the patient was operated by an orthopaedic surgeon or resident. Other factors like body mass index, sex, operated side, (un)cemented Wxation of the acetabular component, model of the cup and the surgical approach did not reveal any signiWcant diVerences.
Discussion
Malposition of the acetabular cup is probably the most important factor for dislocation of a total hip prosthesis. Therefore it is essential that the surgeon has maximum control over the position of the socket during the operation. Free hand positioning with the patient in a standardized position and a cup positioner with the patient and Xoor as reference is the routine method. SpeciWc mechanical alignment guides were designed to add precision, as do navigation systems in the concept of CT-guided computer-assisted surgery. Surprisingly, there are very limited data on the precision rate of free hand positioning of the acetabular shell. The aim of our prospective study was to determine the accuracy of the free hand technique. Only then the presently introduced systems can be tested against this standard. The term "free hand" is not used uniformly in the literature. Either it is referred to pure manual positioning or with the aid of the acetabular cup impactor-positioner provided with the implant. In the present study, the latter deWnition was applied.
One comparable study is that of Saxler et al. [10] who showed, in a retrospective CT-controlled design, that 27 out of their 105 cups (25.7%) were placed within the safe zone of Lewinnek. A second study by DiGioa et al. [11] with a speciWc mechanical acetabular alignment guide (with A-frame) where the results were controlled peroperatively with a hip navigation system in 74 hips aimed at 45° of abduction and 20° of Xexion. With their speciWc guide only 22% of the cups were placed within Lewinneks safe zone. Compared with these two studies our prospective data demonstrate an accuracy within the safe zone of 70.5%.
There is an elegant in vitro study by Jolles et al. [12] comparing free hand (without the help of any guide), mechanical alignment guide and computer-assisted cup placement. Onehunderd and Wfty acetabular implants were placed in ten identical models of the pelvis (covered with artiWcial soft tissue of soft cast and foam) by ten surgeons. The mean accuracy for anteversion was 8° (5.0-10.5) for free hand with cup positioner and 4°( 3.0-5.5) for abduction; with computer navigation this was 1.5° (1.0-2.0) and 2.5° (2.0-3.5), respectively. In the present in vivo study the data were 5.5° for anteversion and 5.4° for abduction with 200 acetabular shells. Jolles et al. state that their in vitro conditions of ideal approach and anatomic relations and perfect placement of the patient would favour the free hand positioning as computer-assisted surgery devices are only slightly sensitive to modiWcations of these parameters and inaccuracy of the freehand will be enhanced greatly in vivo. Our study proves this statement not to be the case as results are quite comparable.
Without doubt it is essential to actually place what is aimed for. Our present study shows that the 70.5% positioned within the safe zone is remarkably good for free hand placement compared with literature. But when the target is reset from the wide safe zone of Lewinnek to for instance within 5° or even 1° of error from the judged position for both abduction and anteversion, only 21.5 and 2.9% of our sockets are placed within this narrow deWnition of safe zone. We believe that the power of our study comes from the distinctive set up where the recorded data are a reXection of the surgeon's perception of cup placement. To our opinion this is superior then to allow for a wide range or set a predeWned target. At the actual point of cup placement a surgeon is also committed to or governed by the patient's anatomy, which will inXuence the actual position. For instance when less anteversion is accepted in the socket; the stem will be given some additional anteversion.
Another important item as stipulated by DiGioia et al. [11] is the actual position of the patient in the lateral decubitus position. They demonstrated that the mean diVerence of pelvic orientation on the operating table with the desired position during acetabular alignment was 18° in version and 3° in abduction. This eVect is not completely eliminated with the use of computer navigation as these systems are inXuenced by pelvic tilt [13] . Table 3 Deviation in % of cup placement in between 20°, 10°, 5°, 2.5° and 1° of position X for the entire group (orthopaedic surgeons and residents): (a), the orthopaedic surgeons: (b) and the residents: (c) Considering the estimation of abduction, signiWcant results were found in favour of the orthopaedic surgeons compared to their residents. A learning curve as a result of experience is probably responsible for this diVerence. As to surgical approach, acetabular components placed posterolaterally were measured to have a signiWcantly higher-degree of anteversion and abduction. This is obviously related with the intention to minimize the change of a dislocation for both approaches. Although both approaches take a diVerent anatomical route to the acetabulum, visualization and presentation of the acetabulum do not seem to be important factors. The conclusion is that an anterolateral or posterolateral approach is not a distinguishing factor in the accuracy of cup placement in our series.
An important potential Xaw in this investigation is the use of planar radiographs for the evaluation of true abduction and especially anteversion. Variations in pelvic Xexion-extension during imaging are responsible of variations in Xexion up to ¡26° to +10° [14] . This study concludes that radiographic measurements are not a reliable method to evaluate cup orientation, especially Xexion or anteversion alignment [14] . Pradhan, however, stated that his method, as used in our study, proved to be reliable in an in vitro model in which the calculated anteversion on the X-ray was compared with the true (known) cup anteversion. In our study special attention was given for optimal positioning of the patients pelvis to minimize rotation and tilt before the X-ray was taken. From a practical point of view it is preferable to determine the actual cup position with planar radiographs rather then with CT as in most clinics the availability and the costs of a CT scan combined with the high radiation dose for the patient are reasons for not using this instrument as a routine practice.
From this prospective study it is concluded that an accuracy of 70.5% for placement of the socket with an acetabular shell imactor-positioner within Lewinnek's safe zone and of only 21.5% within an error of 5° for both abduction and anteversion is unacceptable.
The strength of our research is that literature is extremely scarce on studies as our prospective study on free hand positioning without special aiming devices. The results of the present study appear convincing but limitations are the high-number of participating surgeons, diVerent surgical approaches (anterolateral and posterolateral) and two methods of cup Wxation (uncemented and cemented). Multivariate analysis on these factors revealed only diVerences between the achievements of surgeons and residents.
The consequence of our conclusion that free hand cup positioning is an unreliable method is that attention now should be focussed on the results of a randomized trial comparing the diVerent techniques of cup positioning.
